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and substantive examination of the claims. 
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IN THE CLAIMS AMEND 



1 . Electromagnetic actuator for actuating a gas exchange valve [(10)] having an 
electromagnet [(1)] for closing the gas exchange valve (closing magnet) and an 
electromagnet [(2)] for opening the gas exchange valve (opening magnet), having a 
corresponding armature [(3)] actuating the gas exchange valve [(1)] and with oppositely 
directed spring forces [(6, 9)] acting on the armature [(3)], which set the armature [(3)] in 
an intermediate position between two end positions without actuating an electromagnet 
[(1, 2)], wherein the armature [(3)] is at least kept in the vicinity of the poles [(2c)] of the 
electromagnets [(1,2)] by means of the electromagnets [(1,2)], wherein the armature [(3)] 
is pivotably supported around a pivoting axis [(4)] and wherein the distance of the 
actuation point onto the gas exchange valve from the pivoting axis [(4)] is larger than the 
distance of the veter of the armature from the pivoting axis [(4)] (transmission ratioi = 

yii < 1). 

characterized in that, 

- the armature [(3)] is formed in such a way, that the center [(middle 3b)] of the armature 
portion arranged opposite to the opening magnet [(2)], lies closer to the pivoting axis 
[(4)] than the center [(middle 3b)] of the armature portion arranged to the closing magnet 
[(1)] and that the poles [(Ic, 2c)] of the electromagnets [(1,2)] are arranged to lie 
opposite to these armature portions. 



2. 



Electromagnetic actuator according to claim 1 , 
characterized in that 

2 



at least one of the armature portions is formed as an immersion armature with 
immersing armature portions [(13a, 13b)], 

3. Electromagnetic actuator according to claim 1 [or 2] 
characterized in that 

the armature portion arranged to the opening magnet [(12)] is formed as an immersion 
armature [(13a, 13b)] and that the armature portions [(13a, 13b)] immersing in the 
electromagnets [(12)] lie closer to the pivoting axis [(4)] than the pole ends [(12c)] of the 
yoke [(12a)] of the electromagnet [(12)] arranged to these immersing armature portions 
[(13a, 13b)]. 

4. Electromagnetic actuator according to [one of the claims 1 to 3] claim 1, 
characterized in that 

a flat armature [(3)] is arranged to the closing magnet [(1)] or in that the closing magnet 
[(1)] comprises a flat armature. 

5. Electromagnetic actuator according to [one of claims 1 to 4] claim 1, 
characterized in that 

at least one rolling member bearing [(15)] is provided for the pivotable support. 

6. Electromagnetic actuator according to [one of claims 1 to 5] claim 1 , 
characterized in that 

the armature [(3)] and/or the yokes [(la, 2a)] are formed from stamped parts. 

3 
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7. Electromagnetic actuator according to [one of claims 1 to 6] claim L 
characterized in that 

the yokes [(la, 2a)] are adjustable relative to the armature [(3)]. 

8. Electromagnetic actuator according to [one of claims 1 to 7] claim K 
characterized in that 

the electromagnets [(1, 2)] have the form of an E or E/U. 

9. Electromagnetic actuator according to [one of claims 1 to 8] claim 1 , 
characterized in that 

the electromagnet for opening the gas exchange valve is tw^o-poled. 

REMARKS 

Applicant respectfully submits that all amendments were made solely for conformance 
with U.S. practice, namely the removal of reference numbers and to remove multiple 
dependencies. All such changes have been made prior to substantive U.S. Examination and not 
in view of any prior art. 

Upon entry of the foregoing, the application is in condition for substantive examination at 

the present time. 



4 



Should anything further be required, a telephone call to the undersigned, at (3 1 2) 226- 
1818, is respectfully invited. 



Respectfully submitted, 
FACTOR & PARTNERS, LLC 



Dated: March 19, 2002 
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(54) Title: ELECTROMAGNETIC ACUTATOR 



(57) Abstract: The invention relates to an electromagnetic actuator which actuates a 
gas exchange valve. Said actuator comprises two electromagnets and an armature 
which is actuated by the latter and acts upon the gas exchange valve and comprises 
two spring forces which act in opposing directions upon the armature. The 
electromagnets have a transformation ratio i = l\/ I2 of less than 1. The armature and 
the poles of the electromagnet which are assigned thereto are configures in such a way 
that the transformation ratio ii of the contact magnet is greater than the transformation 
ratio \2 of the break magnet. 




Electromagnetic actuator 

The invention relates to an electromagnetic actuator with the features of the State of 
the Art part of claim 1 . 

Such an actuator is for example described in the older Patent Application 19824 
537.8. 

The transmission ratio i for both electromagnets is normally the same. 
The invention has the object to further improve the proposed actuator. 
This object is solved by means of the features of claim 1 . 

For the closing magnet it is valid, that it has to have a large retaining force because of 
the valve closing force. On the other hand the closing magnet has to carry out a 
relative small lifting work because of the smaller gas forces during the closing. 

Compared to this the opening magnet has to carry out a relative large lifting work 
because of the relative large gas forces at the outlet valve. To save energy, thus, the 
operating air gap should be as small as possible, which necessitates a smaller 
transmission ratio i for the opening magnet. 

Contrary to this the closing magnet produces a higher force on the valve axle at a 
higher transmission ratio. 

From these considerations the layout of the actuator with different i for the two 
electromagnets results. 

With this layout of the electromagnets the closing magnet becomes small. The 
effective armature inertia is slightly increased because of the shape of the armature 
(e.g. trapezoidal cross-section). 

The opening magnet has a small average air gap, which reduces the efficiency. 




According to an improvement of the invention at least one of the magnets is formed 
as a characteristic line magnet. With this, it has to be taken care of, that the 
dimensioning rule of claim 1 is obeyed to. Preferably, the opening magnet is formed 
as a two-pole immersion armature, wherein the armature portion arranged opposite to 
the opening magnet is formed in such a way, that the armature portions immersing 
into the electromagnet are arranged closer to the swivelling axis than the pole ends of 
the yoke arranged to the immersing armature portions. 

The use of such a characteristic line magnet as the opening magnet is known from EP 
0739 004 Al. Compared to the second electromagnet the armature is formed as a flat 
armature. The electromagnets are there formed as pot magnets, wherein the armature 
carries out a linear up- and downwards movement. In the State of the Art the armature 
is glidingly supported. The air gap differences unavoidable because of the 
manufacturing tolerances produce relative high transversal forces, whereby frictional 
forces are caused. The use of a characteristic line magnet has the advantage, that the 
high gas forces can be easier balanced because of the higher far field-force of such an 
electromagnet. In the specific case of the pivotable armature the moved mass of the 
armature and therewith the energy requirement is kept small by the invention. The use 
of a single or several rolling bearings for the pivoting movement of the armature has 
the advantage, that transversal forces on the bearing caused by the manufacturing 
tolerances produce lower frictional losses. Because of the use of stamped parts for the 
armature and/or the yoke, which can be manufactured as fine stamping parts, the 
tolerances and the eddy current losses can be kept small. Furthermore, the yoke can be 
adjusted relative to the armature. The use of the characteristic line magnets formed 
according to the invention is also possible without the use of the features of Al . 

Embodiments of the invention are described by reference to the drawing. 

Fig. 1 shows a first embodiment. 



Fig, 2 shows a second embodiment. 




In Fig. 1 two two-pole electromagnets 1 and 2 are shown, which, respectively, have a 
yoke la or 2a and a winding lb or 2b. An armature 3 arranged to these electromagnets 
1 and 2 is attached on a lever, which is pivotably supported on its left end. The 
support can be formed as rolling member bearings, wherein one or more rolling 
member bearings can be used. The spring forces acting on the armature 3 are, in this 
case, produced by a torsion bar, e.g. torsion bar or torsion tube 6, as well as by the 
valve spring 9. The torsion bar extends in the direction of the pivoting axis and at 
least partially in a tube 7, which is formed by the lever 8. On the other end of the lever 
8, the lever acts on a valve stem 10, only schematically represented, onto which the 
force of the valve spring 9 acts. 

The electromagnet 2 is the opening magnet. 

Here, the shaded represented armature 3 has in the cross-section the form of a 
trapezoid with not parallel side faces. Therefore, the centre 2b of the lower armature 
portion lies closer to the pivoting axis 4 than the centre 3a of the upper armature 
portion. The poles of the electromagnets are arranged in such a way, that they are 
arranged to the armature portions with the centres 3a and 3b. From this results, that 
the transmission ratio ii of the electromagnet 1 is larger than the transmission ratio 
of the electromagnet 2. Alternatively, the armature can also have the form of a 
rhombus or of a polygon. 

In Fig. 2, similar as in Fig. 1, two electromagnets 11, 11a, lib and 12, 12a and 12b 
are provided, to which a pivotably supported armature 12 is opposed, which acts onto 
a valve stem 20. Here, the lever 18 is supported in rolling member bearings 15. In this 
case, the torsion bar 16 produces the total spring forces. Here, it is also valid, that is ii 
>i2. 

While the portion of the armature 13, arranged to the electromagnet 11, is a flat 
armature, the armature portion arranged to the electromagnet 12 is formed in this 
case, additionally as an immersion armature with immersion portions 13a and 13b and 
the poles 12c of the yoke 12a are arranged close to the immersion portions 13a and 
13b in the shown position and is formed suitable for the pivoting movement, so that 
small air gaps are formed. As mentioned, the armature 13 and the yokes 1 la and 12a 




are preferably assembled from stamping parts, thus, they are laminated. Because of 
the rolling bearing arrangement and the yokes adjustable relative to the armature the 
radial air gaps can be kept very small. The system acts, in this case like a reluctance 
motor. 

The yokes of the magnets 1 and 2 are formed as U-magnets in Figures 1 and 2. They 
also can be formed as E-magnets or E/U-magnets. 




Claims 

1. ) Electromagnetic actuator for actuating a gas exchange valve (10) having an 

electromagnet (1) for closing the gas exchange valve (closing magnet) and an 
electromagnet (2) for opening the gas exchange valve (opening magnet), 
having a corresponding armature (3) actuating the gas exchange valve (1) and 
with oppositely directed spring forces (6, 9) acting on the armature (3), which 
set the armature (3) in an intermediate position between two end positions 
without actuating an electromagnet (1, 2), wherein the armature (3) is at least 
kept in the vicinity of the poles (2c) of the electromagnets (1, 2) by means of 
the electromagnets (1, 2), wherein the armature (3) is pivotably supported 
around a pivoting axis (4) and wherein the distance U of the actuation point 
onto the gas exchange valve from the pivoting axis (4) is larger than the 
distance b of the centre of the armature from the pivoting axis (4) 
(transmission ratio i = l2/li< 1)> 
characterised in that 

the armature (3) is formed in such a way, that the centre (middle 3b) of the 
armature portion arranged opposite to the opening magnet (2), lies closer to 
the pivoting axis (4) than the centre (middle 3a) of the armature portion 
arranged to the closing magnet (1) and that the poles (Ic, 2c) of the 
electromagnets (1,2) are arranged to lie opposite to these armature portions. 

2. ) Electromagnetic actuator according to claim 1, 

characterised in that 

at least one of the armature portions is formed as an immersion armature with 
immersing armature portions (13a, 13b). 

3. ) Electromagnetic actuator according to claim 1 or 2, 

characterised in that 

the armature portion arranged to the opening magnet (12) is formed as an 
immersion armature (13a, 13b) and that the armature portions (13a, 13b) 
immersing in the electromagnets (12) lie closer to the pivoting axis (4) than 



the pole ends (12c) of the yoke (12a) of the electromagnet (12) arranged to 
these immersing armature portions (13a, 13b). 

4. ) Electromagnetic actuator according to one of the claims 1 to 3, 

characterised in that 

a flat armature (3) is arranged to the closing magnet (1) or in that the closing 
magnet (1) comprises a flat armature. 

5. ) Electromagnetic actuator according to one of the claims 1 to 4, 

characterised in that 

at least one rolling member bearing (15) is provided for the pivotable support. 

6. ) Electromagnetic actuator according to one of claims 1 to 5, 

characterised in that 

the armature (3) and/or the yokes (la, 2a) are formed from stamped parts. 

7. ) Electromagnetic actuator according to one of claims 1 to 6, 

characterised in that 

the yokes (la, 2a) are adjustable relative to the armature (3). 



8.) Electromagnetic actuator according to one of claims 1 to 7, 
characterised in that 
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the electromagnets 0, 2) have the form of an E or E/U. 

9.) Electromagnetic actuator according to one of claims 1 to 8, 
characterised in that 

the electromagnet for opening the gas exchange valve is two-poled. 
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(54) Title: ELECTROMAGNETIC ACTUATOR 

(54) Bezeichnung: ELEKTROMAGNETISCHER AKTUATOR 




(57) Abstract: The invention relates to an 
electromagnetic acmator which actuates a gas 
exchange valve. Said actuator comprises two 
electromagnets and an armature which is actuated by 
the latter and acts upon the gas exchange valve and 
comprises two spring forces which act in opposing 
directions upon the armature. The electromagnets 
have a transformatipn ratio i = I1/I2 of less than 1. 
The armature and the poles of the electromagnet 
which are assigned thereto are configured in such 
a way that the transformation ratio ii of the contact 
magnet is greater than the transformation ratio i^ of 
the break magnet 

(57) Zusammenfassung: Es wird ein elektromag- 
netischer Aktuator beschrieben, der zur Betatigung 
eines Gaswechselventils dient. Er besteht aus zwei 
Hektromagneten und einem von diesen betatigten 
Anker, der auf das Gaswechselventil einvvirkt und 
aus zwei Federkraften, die gegengerichtet auf den 
Anker wirken. Die Elektromagnete weisen ein 
Ubersetzungsverhalmis i = Ij/l^ kleiner 1 auf. 
Der Anker und die ihm zugeordneten Pole des 
Hektromagneten sind nun deran ausgebildet, dass 
das tibersetzungsverhaltnis i^ des Schliessmagneten 
^dsser als das Ubersetzungsverhalmis 12 des 
dffnungsmagneten ist 



pCT/EPOO/09037 

wo.m«« 10/088373 




Fig. 1 




Fig. 2 



01/23/2003 12: 46 



3122261919 



FACTOR & PARTNERS 

::ic:!iiasss:?'.3; 



PAGE 



12 



U.S. ^fvni #A4 XmdmtrMt Offlca; 0.6. DEPARTMENT OF COiAiCACK 



DECLARATION FOR UTILITY OR 
DESIGN 
PATENT APPLICATION 
(37 CFR 1.63) 

1 X 1 □•cla ration | ^ D^clarallon 

Submitted OR Submht«d aAttf Iniilfti 
with Initial FUlng (surchtirgQ 
Filing (37 CFR t,ie(ft)) 
required) 


Attomvy Docket Number 


LEN-021020 


FIrat Named Inventor 


W^ra. Leibef et el- 


COMPLETE iF KNO^N 


Application Number 




Fltina Date 




Group Aft Unit 




Ekaminer Name 





As a b«tew r>aii>#d Invvntor , I fMr*t»y d««lere tnat: 

My r«iid«rto«. marfiriQ ■ddrviv. and cttlxvnship ara aa stated botovir ^e^ my nftme. 

I b«»av« I am th« original. Arst and «oto Invanlar (If only on« A»ir»e i» ll»t«d betowj or an ortgfnal. ft«t ^'^S.j"!!!^ Inveotof (if pluf.1 namaft »/♦ 
Hiit«d ba{QM<) Qf the »ubj«« mattar whk:t) la Claimed and for wtilch a patent la aought on tha tiwantton ertt«M#d: 



ELECTROMAQNGTIC ACTUATOR 



{TkHB of turn fnymntion) 



th« specification of wtiich 
[ [ atiachod hftrato 
OR 

nn 



09/1S/200Q 



•J Unltad Stales Application Number' or PCT IntcmatlOrtal 



Application Numbar 



PCT/ePoaA39037 | and was ■mandod on <MM/00/YVYV5 



(rf appBcable). 



I hcroby state that I httvti roviewatf and und./4l«nd tha eonlanta of Iba abov ktentm^l apaciflcatiop, Indudlnff the Ct»iin», as amen<led by 
any sfnandmanl ■psctftcaHy reforrad to above. 

PCT IntsrnsHonsI niir%g data of Iho contlnuatton-ln-pait spphcaUon. 



I harabv claim foral 
bra«<iara riohts cefiii 
of Amarica. iistoti bi * 

c«nificata<s)« or jiny 




Prior Foreign Appilcatlor> 
Numbar(a) 



1994S112.S 
PCT/€ POO/09037 



COMntfy 



Garmany 

PCT 



Foralgn Filing Data 
{MM/OOfYYYY) 



9/^1/1999 
9/19/2000 



Priority 
Not C1aliY%ad 



□ 
□ 
□ 
□ 



Cartmad Copy Att«chad7 
YES NO 



n 
czi 
□ 
□ 



□ 
a 

□ 
□ 



Adtnttonar forslqn app»catk>A numt>cra era llstad on a aupplanftafHal p/terfty da ta abaet PTQ/SB/02B attaehad horetOJ 
'•"—^ 1 of 21 



aurasn Hour $Ut«ln*^t This lb«n it atuni.t-d «o uk* 3i mm<A« to ccmpW Hm- .s'y d-p-^ndlag -fj«^^;?,2lmtir^« 

OO KOT SEND PE^S Oft CQMPLfiTEO rO^MS TO THiS #^DDRES3. »CNb TO: A>aitwt( Comml«»»o«Sf tor Pmi^mm. W*«W»«ton, DC 2025 1 . . 



01/23/2803 12:46 3122261919 FACTOR § PART^^ ..^J^!^., 



U Pram and TrB««mw% Offic*: U.S. DKPAHTMftNT OF COf^K^CC 



DECLARATION — Utility or Design Patent Application 



Direct *li corr«spoad«nc« 



. \ % \ Cuitomar Nufnb«r 
to. * ' pr B«f Coda Latwt 



] □ 



Corf#«poatf9ncw tOdt**> below . 



N«m« Jody L Factor 



Addr#«t 13Z7 W. Wiahtnfltpn Blvd., Suite 5G/H 



CotJiMry USA 



ZIP aocot 



FAX (312) 226-1019 



I h«r«by d«d.r« th.t >lt «t«t«m»Ai4 made h^f^tft laf my own knowtodqe kro. lfv« and th.t M » «t«lTiem« mode °" '"'^"^•"J" i^^"** 
b«ltf%«d to bo Uuoi ond fufihcr thol Iftooo jUl«m«n|o wnn modo with the Knowlodgo Ih.t wlllM «o1m a atmoijtt •'^JJ^^J^'^* " r^*** f^* 
punlahabt* by linm or lmpr1*Ortmont, Of both under la Li.S.C. 1001 onO that auch wlUful fatao itilomonta may joopafdtt* tho Validny Of Urn 
■optlcation or mny 04t«nt Uaucd ti%*^oon 




Malting Addr««ft Thoodor-Heuas- Slroaia i4 



City Ob^rri^xmnon 



ZIP D-7.1738 



Countty Qofmany 



NAME OF SecOND INVENTOR; 



A pcrtdion haa boon filed for mi» un»lgnod invontor 



2- OC 



Clv«n Narfi« 
(rirvt vrKt middl* [If any]) Thom>3 



Family Noma 
orSwntftmo Lalbof 



Slgnpturo 



Rooldanco; City Mqnchort jD&'T^ 



3tBt« 



Country Comr^ony 



CItJzanahIp Germany 



City MUn<Lhan 



ZIP 



Country <5«fm«ny 



I I Additional Invonlors ere boinQ named on tho ^ aupplomomal AriditionaHnvofltor(a? ah—Ha) PTQ/SB>02» «iiachod horcto. 
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